We have constructed Escherichia coli-Streptomyces shuttle plasmids which are capable of conjugal transfer from E. coli to Streptomyces spp. These plasmids contained the pBR322 and pUJlOl origins of replication and the RK2 (IncP) origin of transfer. The transfer of plasmid was specifically dependent the presence of a 760-base-pair, cis-acting, oriT-containing fragment and on RP4 (IncP) functions supplied in trans. Conditions of mating and selection of exconjugants were analyzed with Streptomyces lividans as recipient. Plasmid transfer to other Streptomyces species was also demonstrated.
It was long assumed that plasmids could not be naturally transferred between gram-negative and gram-positive bacteria. Recently Trieu-Cuot et al. (13, 14) dispelled this misconception when they demonstrated conjugation between gram-negative Escherichia coli and various gram-positive bacteria, including Enterococcus faecalis, Streptococcuis lactis, Streptococcus agalactiae, Bacillus thuringiensis, Listeria monocytogenes, and Staphylococcus aureus. The bifunctional vector they used (pAT187) contained the origins of replication of pBR322 and the broad-host-range streptococcal plasmid pAMB1 (4) . pAT187 contained an aminoglycoside phosphotransferase gene (aphA3) which was expressed in both gram-negative and gram-positive bacteria as a selectable marker. Transfer was dependent on the origin of transfer (oriT) of the IncP plasmid RK2 and the tra gene functions of RP4.
The work of Trieu-Cuot et al. is of interest with respect to the evolution of bacterial genes as well as from a technical point of view and may have special implications for another group of gram-positive organisms, the genus Streptomyces. Streptomyces spp. are differentiating, filamentous eubacteria which produce most antibiotics (1) . The high G+C content and morphological properties of Streptomyces spp. indicate that these species are evolutionarily far removed from all of the bacteria mentioned above (16 Plasmids extracted from two pPM801 and two pPM803 exconjugants were purified and analyzed by restriction enzyme digestion. Analysis of one of these plasmids is shown in Fig. 2 . The PstI and EcoRI restriction patterns were identical to that of the parental plasmid extracted from donor E. coli S17-1. Although contaminating E. coli could not be detected, in order to unambiguously confirm the surprising conclusion that these plasmids had indeed been transferred to S. lividans, they were also cut with BclI. This enzyme cannot cleave DNA isolated from E. coli, which is methylated by the dam methylase (2); it does cut unmethylated DNA extracted from S. lividans (5) . The observation that DNA extracted from exconjugants was cut by BclI proves that the plasmid had indeed been transferred from E. coli to S. lividans.
The following experiments were done to determine whether plasmid transfer to S. lividans was due to a conjugation mechanism or to some hypothetical nonspecific process such as transformation of S. lividans by plasmid DNA released from lysed E. coli. A series of matings on LB plates supplemented with nalidixic acid (20 ,ug/ml) was done. Nalidixic acid prevents DNA synthesis in E. coli, which is essential for conjugal transfer (12), but does not affect growth of S. lividans. No exconjugants were obtained. In addition, neither pPM801 nor pPM803 could be transferred from the parent of S17-1, which lacked trans-acting RP4 transfer function (E. coli 294) (Table 1) . Finally, plasmids lacking oriT were nontransferable. In these experiments, plasmids pPM804 and pPM805 were constructed by the procedure shown in Fig. 1 , starting from a pAT187 derivative which lacked the oriT fragment. These oriT mutant analogs of pPM801 or pPM803 could not be mobilized by RP4 trans-acting functions ( Table 1) . The observation that all of these plasmids transformed S. lividans with the same efficiency indicated that pPM804 and pPM805 had not sustained unexpected replication defects during their construction.
Matings in liquid were unsuccessful. This might be expected, since IncPl plasmids conjugate most efficiently on a solid medium (3) . Matings on filters applied to agar plates were less convenient and also less efficient by more than 1 order of magnitude. To our knowledge, this is the first report of the conjugal transfer of a plasmid from E. coli to filamentous bacteria of the actinomycete family. In order to accomplish this, we had to supply oriT and the complementary transfer functions. The maintenance of the plasmid in the streptomycete recipient was guaranteed by the incorporation of a streptomycete plasmid. In principle, lysogenic bacteriophages, integrative plasmids, transposons, or homologous recombination could be used to insert transferred DNA into the chromosome. These observations of indiscriminate conjugation have obvious implications with respect to the evolution and exchange of genes in the soil ecosystem. The ability to transfer genetically manipulated DNA sequences from E. coli to Streptomyces spp. will significantly enhance the possibilities for genetic manipulation in the streptomycetes.
